INTRODUCTION
Patellofemoral pain (PFP) is a common knee condition among individuals who 56 participate in repetitive knee loading activities (1, 2) . The prevalence of PFP is 57 more than twice as high among females compared to males and data from 58 sports medicine clinics suggest that PFP is the most common knee condition 59 and may account for 25% of all consultations regarding knee pain (3, 4) . PFP 60 is defined as pain anteriorly around the patella with pain that increases during 61 prolonged sitting, squatting, kneeling, and stair climbing (5). Prospective 62 studies have highlighted a poor long-term prognosis with only 1/3 being pain 63 free 12 months after initiation of treatment (6). 64 Mechanical hyperalgesia was recently demonstrated by reduced pressure pain 65 thresholds (PPTs) assessed around the knee and on the tibialis anterior muscle in 66 female adolescents with PFP compared with pain free controls (7). The distal 67 hyperalgesia observed at the tibialis anterior muscle may reflect segmental 68 spreading of hyperalgesia (8). In some chronic musculoskeletal pain conditions with 69 widespread hyperalgesia such as osteoarthritis (OA) and fibromyalgia, temporal 70 summation of the pain perception to repetitive pressure pain stimulations appears to 71 be facilitated compared with pain free controls, which is thought to be the result of 72 facilitated central mechanisms (9, 10) . Furthermore, studies have demonstrated 73 reduced sensory perception to thermal stimulation and vibration (11, 12) , indicating 74 altered sensory function in patients with PFP. Painful stimulation evokes a multisegmental hypoalgesia often referred to as 77 conditioned pain modulation (CPM); a manifestation of the descending modulatory effects characterised by attenuated pain response to a painful test stimulus when 79 another painful conditioning stimulus is applied (13) . CPM is a proxy of the 80 effectiveness of the endogenous analgesia system. Previous studies have shown 81 impaired CPM in both knee and hip OA (9, 10, 14) as well as other non-arthritic 82 chronic pain conditions (15, 16) . Impaired CPM is clinically important as it may be 83 associated with a higher risk of developing chronic post-operative pain (17).
84
Collectively, identification of sensitised central mechanisms and widespread 85 hyperalgesia appears to be clinically important and may be associated with higher 86 risk of long-standing pain (17-21). However, it has never been investigated among 87 young female adults with PFP.
89
The aims of this study were to assess 1) temporal summation of cuff-induced 90 pressure pain, 2) CPM assessed by cuff-algometry, and 3) widespread mechanical 91 hyperalgesia in young female adults with PFP compared with age matched healthy 92 pain-free controls. It was hypothesised that young adults with PFP would have 93 increased temporal summation of pain and impaired CPM compared with pain-free 94 controls and that PPTs around the knee and at sites remote from the area of self-95 reported knee pain would be lower among young female adults with PFP compared 96 with pain-free controls. The design was a cross-sectional study nested within a population-based cohort.
104
Young female adults diagnosed with PFP were matched to a gender-and age-105 matched comparison group of pain-free controls. Both young adults with PFP and 106 pain-free controls were recruited from the same population-based cohort (the 107 Adolescent Pain in Aalborg 2011) (22). This cohort has been followed since 2011 108 and consisted of 2200 adolescents between 15 and 19 years of age. From these, 109 153 were diagnosed with PFP using previously described inclusion and exclusion 110 criteria (23, 24). In short, the patients with PFP were required to have an insidious 111 onset of anterior knee or retropatellar pain of more than 6 weeks duration and 112 provoked by at least two of the following daily activities: prolonged sitting or kneeling, 113 squatting, running, hopping, or stair walking; tenderness on palpation of the patella, 114 pain when stepping down or double leg squatting; and worst pain during the previous 115 week of more than 3 cm on a 10 cm visual analogue scale (VAS). Exclusion criteria 116 were concomitant injury or pain from the hip, lumbar spine, or other knee structures; 117 previous knee surgery; self-reported patellofemoral instability; knee joint effusion.
118
From the 153 adolescents with PFP, 121 were enrolled in a randomised trial (24).
119
Participants who were previously diagnosed with PFP in the original trial (23) were 120 included in a telephone interview to inquire if they still had knee pain and if so they 121 were invited to participate in the current study. Pain-free controls were randomly 122 recruited from the same population-based cohort by telephoning a random sample 123 with approximately the same age, gender, and sports participation as the PFP group.
124
The inclusion criteria for pain-free controls were: No current self-reported musculoskeletal pain; no self-reported prior surgery in the lower extremity; no self-126 reported neurological or other medical conditions. The study was conducted in 127 accordance with the Helsinki Declaration and was approved by the local ethics 128 committee in the North Denmark Region (N-20110020). around the lower leg on the side with the worst knee pain. The cuff was mounted 172 with a 5 cm distance between its upper rim and the tibial tuberosity. The cuff 173 pressure was increased with a rate of 1 kPa/s simultaneously in both chambers and 174 the maximal pressure limit of the system was 100 kPa which may cause some participants to reach 100 kPa before reaching PTT. The participants used an 176 electronic VAS to rate their pressure-induced pain intensity and a button to release 177 the pressure. The electronic VAS was sampled at 10 Hz. Zero and ten cm extremes 178 on the VAS were defined as "no pain" and "maximal pain", respectively. The 179 participants were instructed to rate the pain intensity continuously on the electronic 180 VAS from the first sensation of pain and to press the pressure release button when 181 the pain was intolerable. The pressure value when the subject rated the sensation of 182 pain as 1 cm on the VAS was defined as the PDT and the pressure recorded when 183 the subject terminated the cuff inflation was defined as the PTT. The sample-size was based on the primary outcome of detecting a difference in 219 normalized VAS during temporal summation from stimuli 1 to stimuli 10 of 1.5 cm(10).
220
Common standard deviation was estimated to be 1.5 cm and with a power 0.80 and 221 alpha at 0.05 this corresponds to a sample-size of minimum 16 in each group. 
233

RESULTS
235
The female adults with PFP had a median symptom duration of 6 years and reported 236 in general intermittent episodes (Table 1) (7) 55 (18) <0.0001 PainDetect* 0 (0-0) 7.5 (4.5-11.0) <0.0001 Temporal summation of pain 244 The VAS scores following the ten repeated cuff stimulations showed a progressive 245 increase in both groups illustrating the temporal summation of pain.
Self-reported description of pain from PainDetect
246
The analysis showed no signification difference between groups in the increase in 247 VAS from stimulus 1 to 10 (0.9 cm (95%CI: -0.5; 2.3 cm, t(38)=1.48, P=0.15) ( Figure   248 2). Young female adults with long-standing PFP were characterised by impaired CPM 299 assessed by PDT and spreading hyperalgesia, but contrary to our main hypothesis, 300 they showed no signs of facilitated temporal pain summation. This is the first study to 301 provide evidence for an altered pain processing among young adults with PFP. an average of six years, which is similar to previous studies on knee OA (10), but 311 they are indeed much younger (≈45 years younger). The young adults with PFP 312 developed knee pain while they were in their early teens while patients with knee OA 313 developed knee pain in their mid-50s. Likewise the young adults with PFP presented 314 slightly lower peak pain intensities compared to sensitised adult patients with knee 315 OA typically reporting peak pain during the last 24 hours of 8 on a NRS (10). This is 316 important because higher peak pain is associated with a more facilitated temporal 317 summation (10). The pain reported by young adults with PFP is normally associated 318 with patellofemoral joint loading (e.g. stair walking or squatting) and rarely they 319 report pain at rest (35). Patients with knee OA often report pain at rest and also 320 during walking. Collectively the lack of facilitating temporal summation may suggest that long pain duration is not the only factor, which is required to cause changes in 322 temporal summation. summation is thought to be a facilitating mechanism that mimics the initial phase of 349 the windup process in dorsal horn neurons seen in animals (43). Therefore, the data 350 from this study suggests that mainly the inhibitory mechanism is affected in young 351 female adults with PFP. widespread hyperalgesia, and an inefficient CPM system (10). An important aspect 362 when interpreting these results is that this population is much younger than previous 363 studies on older adults with chronic pain. Although not heavily researched it appears 364 that changes in pain processing is dependent on the age of the individual (45) 
Strengths and limitations 374
A strength of the study is that all the participants were recruited from a large, well-375 defined, population-based cohort that have been followed for three years.
376
Recruitment of a population-based sample suggests that our data may be 377 generalizable to young female adults with long-standing PFP. An examiner blinded 378 to group allocation was used to minimise the risk of detection bias which is a 379 significant strength.
380
The present findings may not apply to the male population of young adults with PFP, 381 as only females were included. The results may only apply to female adults with PFP 382 who developed knee pain during their early teens and not those who develop knee This study demonstrated that young female adults with long-standing patellofemoral 403 pain were characterized by impaired conditioned pain modulation. This is the first 404 study to provide evidence of an altered pain processing among young female adults 405 with patellofemoral pain which is important as patellofemoral pain might have an 406 important pain processing component which needs to be studied in order to 407 understand its extent and therapeutic implications. 
